Brigham Young University

BYU ScholarsArchive
International Congress on Environmental
Modelling and Software

9th International Congress on Environmental
Modelling and Software - Ft. Collins, Colorado,
USA - June 2018

Jun 26th, 5:00 PM - 7:00 PM

Towards the Implementation of the WRF-Chem Model in Buenos
Aires
Felix Carrasco
Centro de Investigaciones del Mar y la Atmósfera (CIMA/CONICET-UBA), felix.carrasco@cima.fcen.uba.ar

Andrea Pineda Rojas
Centro de Investigaciones del Mar y la Atmósfera (CIMA/CONICET-UBA), pineda@cima.fcen.uba.ar

Juan Ruiz
Centro de Investigaciones del Mar y la Atmósfera (CIMA/CONICET-UBA), jruiz@cima.fcen.uba.ar

Horacio A. Bogo
Instituto de Química Física de los Materiales, Medio Ambiente y Energía (INQUIMAE),
bogo@qi.fcen.uba.ar

Follow this and additional works at: https://scholarsarchive.byu.edu/iemssconference

Carrasco, Felix; Pineda Rojas, Andrea; Ruiz, Juan; and Bogo, Horacio A., "Towards the Implementation of
the WRF-Chem Model in Buenos Aires" (2018). International Congress on Environmental Modelling and
Software. 12.
https://scholarsarchive.byu.edu/iemssconference/2018/Posters/12

This Poster Presentation (in exhibition hall) is brought to you for free and open access by the Civil and
Environmental Engineering at BYU ScholarsArchive. It has been accepted for inclusion in International Congress on
Environmental Modelling and Software by an authorized administrator of BYU ScholarsArchive. For more
information, please contact scholarsarchive@byu.edu, ellen_amatangelo@byu.edu.

9th International Congress on Environmental Modelling and Software
Fort Collins, Colorado, USA, Mazdak Arabi,Olaf David, Jack Carlson, Daniel P. Ames (Eds.)
https://scholarsarchive.byu.edu/iemssconference/2018/

Towards the Implementation of the WRF-Chem
Model in Buenos Aires
F. Carrasco a, A.L. Pineda Rojas a, J. Ruiz a and H. Bogo b
a Centro

de Investigaciones del Mar y la Atmósfera, Facultad de Ciencias Exactas y Naturales,
Universidad de Buenos Aires, CONICET, UBA, Buenos Aires, Argentina
b Instituto de Química Física de los Materiales, Medio Ambiente y Energía, Facultad de Ciencias
Exactas y Naturales, Universidad de Buenos Aires, CONICET, UBA, Buenos Aires, Argentina
E-mail: pineda@cima.fcen.uba.ar

Abstract: The WRF-Chem model is implemented in the Metropolitan Area of Buenos Aires (MABA)
for the first time. In order to determine the best model configuration representing transport and
dispersion within the planetary boundary layer (PBL), several simulations are performed considering
different PBL schemes (YSU, MYJ, QNSE, MYNN and MYNN3) and horizontal resolutions (1 km and
5 km). An analysis of its performance to simulate carbon monoxide (CO) concentrations at a green
urban site and relevant atmospheric variables (air temperature, wind speed and direction) is
presented. Four 5-day-periods are selected covering different seasons of the year. All simulations are
performed in a 330 km x 305 km domain considering 38 vertical levels, the Noah Land Surface Model
and the MODIS land use data. Meteorological initial and boundary conditions come from the Climate
Forecast Reanalysis System. CO emissions belong to a high-resolution emission inventory developed
for the MABA. The sensitivity of model results to the choice of the PBL scheme is studied considering
a 5 km horizontal resolution. Atmospheric variables are well simulated by the five schemes. Statistical
comparison between modelled and observed hourly CO concentrations shows that there is no single
PBL scheme that performs best for all measures and seasons. MYNN, QNSE and YSU present better
statistics in autumn, winter and spring, respectively. When horizontal resolution is increased to 1 km,
no clear improvement is observed. The modelled CO peak concentration can be lower or greater than
that obtained with the 5 km resolution simulation, highlighting the role of changes in variables other
than emissions.
Keywords: Buenos Aires; carbon monoxide; PBL scheme; performance evaluation; horizontal
resolution; WRF-Chem model.
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INTRODUCTION

Air quality models (AQMs) provide a link between pollutant emissions, their transport, dispersion,
chemical transformations and concentrations in the urban atmosphere. They offer the basis to study
several aspects relevant for air quality management such as the quantitative assessment of source
contributions at specific locations, the impact of an industry on the pollutant concentrations at its
surroundings or the effect of potential emission reduction scenarios on the pollutant concentration
levels at a given place. At under sampled/monitored urban areas, AQMs can also help to complement
the information on the spatio-temporal distribution of air contaminants in the atmosphere. AQMs span
from simple atmospheric dispersion models to fully coupled three dimensional models that include
detailed treatments of processes in the planetary boundary layer (PBL) and atmospheric chemistry in
which the main air pollutants (e.g., CO, NO2, O3, PM) are involved. The latter, also called chemical
transport models, have been traditionally used at regional scale including urban areas with relatively
low horizontal resolution (3-5 km at most), being due to the associated computational cost. The
multidisciplinary and complex nature of all factors and processes affecting atmospheric pollution in an
urban area requires of this kind of models to assess comprehensively the air quality, while at the
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same time there is a need of high-resolution simulations that allow to improve our knowledge of the
way pollutants distribute spatially. Among the most widely used coupled chemical transport models is
the WRF-Chem model (Grell et al., 2005). Studies show that its performance to estimate air pollutant
concentrations may vary for different choices of PBL schemes or horizontal resolutions (e.g., Saide et
al., 2011; Ritter et al., 2013; Cuchiara et al., 2014; Hariprasad et al., 2014; Kushta et al, 2017) as
usually happens with chemistry transport models. Therefore, the implementation of the WRF-Chem
model requires extensive evaluations and sensitivity analysis to assess its performance and
determine (if possible) the "best model configuration".
The Metropolitan Area of Buenos Aires (MABA) has a population of around 13 million inhabitants and
is the third megacity of Latin America, following the cities of Mexico and Sao Paulo. In this region,
observational air pollution studies are scarce (e.g., Bogo et al., 1999; Mazzeo et al., 2005), while most
previous modelling studies are based on simple AQMs which have shown acceptable performance to
estimate ground-level air pollutant concentrations (e.g., Venegas and Mazzeo, 2006; Pineda Rojas,
2014). The WRF-Chem model that provides greater detail of the representation of processes leading
to concentrations has been recently implemented in the MABA. In this work, its performance to
estimate CO concentrations is analysed using observations obtained from an air quality monitoring
campaign carried out previously at a green site within the city of Buenos Aires (Bogo et al., 1999).
The sensitivity of model results to the choice of the PBL scheme is evaluated, and the effect of the
horizontal resolution on model results is also discussed.

2

METHODOLOGY

The Weather Research and Forecasting model with Chemistry (WRF-Chem) is an online Eulerian
three-dimensional chemistry transport model that allows the estimation of pollutant concentrations,
with several options for the treatment of physical and chemical processes. A complete description of
the model can be found in Grell et al. (2005) and Skamarock et al. (2008). In order to study the
sensitivity of modelled meteorological and air quality variables to different PBL schemes, the WRFChem model (version 3.5.1) is applied in the MABA with the chemistry turn-off and considering the
concentration of carbon monoxide (CO) as a tracer. Modelled results are evaluated statistically
comparing their values with observations from a monitoring campaign. The measurements, the model
input data and the conditions of the numerical experiments are described below.

2.1

Observed CO Concentrations

Observations of CO concentrations come from an air quality monitoring campaign carried out at a
green site within the city of Buenos Aires, from November 1997 to July 1998 (Bogo et al., 1999).
Measurements were taken at 1 m over the ground at the centre of the Faculty of Agronomy of the
University of Buenos Aires. The site is surrounded by three avenues: Francisco Beiró, San Martín and
Chorroarín, at approximate distances of 520 m, 460 m and 610 m, respectively. A complete
description of the air quality monitoring campaign can be found in Bogo et al. (1999).

2.2

Numerical Experiments

Based on the available CO observations and considering the computational demand of the model,
three periods are selected to perform the simulations: April 18–22 (autumn), July 2-7 (winter) and
November 20 - 24 (spring). These are chosen aiming to cover a wide range of atmospheric
conditions. The WRF-Chem model is applied in a domain of 330 km x 305 km, centred at the MABA.
All the simulations consider a temporal resolution of 1 hour, a horizontal resolution of 5 km (66 x 61
grid points) and 38 vertical levels, with 18 levels being below 1 km to improve the representation of
the turbulent vertical mixing (Saide et al., 2011, LeMone et al., 2013; 2014). The initial and boundary
meteorological conditions come from the Climate Forecast Reanalysis System (Saha et al., 2010) with
a resolution of 0.5º. Emissions of CO belong to the high-resolution area source emission inventory
developed for the MABA (Venegas et al., 2011). These are interpolated from 1 km to 5 km using a
mass conservation method implemented in NCL (2017). The initial and boundary CO concentrations
correspond to the default value of the model (0.08 ppmv). Other model options considered are: the
Noah Land Surface Model (Niu et al., 2011), the WRF Single-Moment 5-class scheme for
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microphysics (Hong et al., 2004), the Dudhia shortwave radiation scheme (Dudhia, 1989), the Rapid
Radiative Transfer Model (RRTM) long wave radiation scheme (Mlawer et al., 1997), and
parameterization of deep moist convection is turned off. Each simulation is performed with two days of
spin up that are not considered in the analysis, as suggested by different authors (Ying et al., 2009;
Saide et al., 2011; Cuchiara et al., 2014).
Initially, simulations are performed considering five PBL parameterization schemes that are included
in the model: Yonsei University (YSU, Hong et al., 2004), Mellor-Yamada-Janjić (MYJ, Janjić, 1994),
Quasi-Normal Scale Elimination (QNSE, Sukoriansky et al., 2005) and Mellor-Yamada-NakashiniNiino (MYNN, Nakashini and Niino 2006). The last one offers two orders of closure, 2.5 (MYNN) and 3
(MYNN3), and both are considered. In a second experiment, the horizontal resolution is increased to
1 km and the model is applied for one of the periods and one of the PBL schemes in order to assess
its performance under the resolution of the emissions inventory (Venegas et al., 2011).

Figure 1. Carbon Monoxide emissions (ton/km2.yr) in the MABA at 5 km resolution. The CO
monitoring and meteorological sites are within the circle.

3

RESULTS

3.1

General Model Performance and Sensitivity to the Choice of the PBL Scheme

Figure 2 shows the comparison of modelled and observed: air temperature at 2 m above the ground
(T2m), wind speed at 10 meters above the ground (u10), wind direction (dir), PBL height (PBLH), and
carbon monoxide concentration (CO), for the three simulation periods. All PBL schemes present
similar modelled temperature values (Figures 2.a–c) and show reasonable behaviour when compared
against the observed values at the meteorological station (Figure 1). The same is observed for the
modelled u10 values, which present maximum-to-minimum hourly ratios varying between 10% and
50% among the PBL schemes. QNSE and MYJ present wind speeds slightly greater than those
obtained with other schemes (see Figures 2.d–f). In general, modelled wind speeds are consistent
with observations; however, calm conditions are poorly represented with all schemes except for YSU
in autumn and spring. The five schemes simulate similar wind directions and present a good
agreement with the observed values (Figures 2.g-i), except for particular days like April 19-20, July 34 and November 22.
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Figure 2. Modelled and observed hourly values of : (a-c) air temperature (°C);(d-f) wind speed
(m/s);(g-i) wind direction (°);(l-n) boundary layer height (km); and (m-o) CO concentration (ppmv), for
the three simulation periods [Autumn (first column), Winter (second column),Spring (third column)]
and each of the five PBL schemes [MYNN3, MYNN, QNSE, MYJ, YSU]. Grey areas denote nocturnal
time from (19-7 Local Time) and weekend days are indicated.

Table 1 presents the statistical measures [correlation coefficient (R), Bias, Mean Absolute Error
(MAE) and Root Mean Square Error (RMSE)] obtained from the comparison between modelled and
observed values of air temperature, wind speed and CO concentration, for each of the PBL schemes
and periods. In general, each variable is better represented by the model in different periods. For
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example, the statistics for T 2m show better agreement with observed values in autumn for all PBL
schemes; while those obtained for u10 are somewhat better in winter. Due to the lack of observations
for the simulation period, it is not possible to evaluate the modelled values of PBLH; nonetheless it is
worth to explore its representation by the different PBL parameterization options. From Figures 2.j–l,
differences in the PBLH values estimated with the five schemes can be observed, with the greatest
values obtained with the QNSE scheme.
Table 1. Statistics obtained from the comparison of modelled and observed air temperature (T2m),
wind speed (u10) and CO concentrations (CO), for the three simulation periods and the five PBL
schemes. [R: correlation coefficient, BIAS: mean error, MAE: mean absolute error, RMSE: root mean
square error].
Variable

Scheme

Autumn
R

BIAS MAE RMSE

Winter
R

BIAS MAE RMSE

Spring
R
BIAS MAE RMSE

T2m (C)
YSU
MYJ
QNSE
MYNN
MYNN3

0.92
0.91
0.92
0.92
0.92

-0.35
-0.33
-0.41
-0.49
-0.51

1.05
1.04
1.01
1.03
1.06

1.38
1.40
1.34
1.38
1.40

0.82
0.83
0.80
0.81
0.81

-0.13
-0.05
-0.04
-0.07
-0.12

1.40
1.30
1.41
1.42
1.44

1.72
1.64
1.77
1.75
1.76

0.90
0.90
0.89
0.90
0.90

1.74
1.66
1.24
1.64
1.58

2.34
2.36
2.11
2.35
2.31

2.92
2.96
2.71
2.95
2.91

YSU
MYJ
QNSE
MYNN
MYNN3

0.63
0.63
0.60
0.62
0.61

-0.27
0.76
0.76
-0.05
-0.03

1.16
1.36
1.43
1.22
1.24

1.47
1.67
1.73
1.44
1.46

0.70
0.69
0.70
0.70
0.70

0.52
1.37
1.54
0.70
0.68

1.14
1.55
1.65
1.21
1.19

1.38
1.90
1.99
1.47
1.45

0.53
0.54
0.52
0.57
0.56

0.14
1.43
1.28
0.24
0.27

1.68
2.16
2.07
1.64
1.66

2.10
2.59
2.49
2.01
2.03

YSU
MYJ
QNSE
MYNN
MYNN3

0.45
0.42
0.52
0.47
0.44

0.47
0.46
0.50
0.45
0.46

0.70
0.70
0.69
0.68
0.69

0.85
0.85
0.84
0.82
0.83

0.23
0.29
0.28
0.28
0.25

0.24
0.13
0.04
0.08
0.13

0.90
0.81
0.77
0.78
0.82

1.22
1.12
1.09
1.11
1.15

0.36
0.27
0.26
0.29
0.25

0.07
0.09
0.11
0.06
0.07

0.41
0.43
0.46
0.42
0.43

0.59
0.63
0.63
0.60
0.63

u10 (m/s)

CO (ppmv)

The CO concentrations modelled with the five PBL schemes show little differences (see Figures 2.m–
o); with maximum-to-minimum hourly ratios being higher (up to 50%) during daytime hours when
turbulent mixing is more intense and concentrations are smaller. Overall, the five schemes show a
good representation of the temporal variability of CO concentration, particularly in autumn, when the
highest values of R (0.42 – 0.52) are obtained for all PBL schemes (see Table 1). On the other hand,
the model overestimates the lowest CO concentrations values, which occur mostly during daytime
hours. Some differences are also observed for high nocturnal values, like those on July 4-5 and April
18-19 (Figures 2.m and 2.n). In these two cases, such differences could be due to an underestimation
in nocturnal weekend emissions (that could be not correctly represented in the emission inventory)
and/or to the difficulty of the model to reproduce calm conditions (Figures 2.d-e).
The statistical values obtained from the comparison of modelled and observed meteorological
variables (air temperature and wind speed) are consistent with those obtained by other authors (e.g.
Saide et al., 2011; Banks and Baldasano 2016; Hariprasad et al., 2014; Kushta et al., 2017).
Regarding the CO concentrations, only a few works evaluate the performance of WRF-Chem to
simulate the concentrations of primary compounds (e.g., Misenis and Zhang, 2010; Saide et al., 2011;
Cuchiara et al., 2014). For example, Cuchiara et al. (2014) obtain an overestimation of modelled CO
concentrations in Houston, Texas, which they attribute to a poor representation of vertical mixing. On
the other hand, Saide et al. (2011) present better statistical measures than the ones obtained in this
work; however, their comparison is based on the CO concentrations averaged across several
monitoring sites, which may smooth the effect of local features on the in-situ observed pollutant
concentrations.
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3.2

Sensitivity to Horizontal Resolution

Results from section 3.1 show that the model performance is slightly better in autumn using the
MYNN scheme; for this reason this case is chosen to analyse the sensitivity of model results to the
horizontal resolution. Figure 3 shows the comparison of modelled and observed values of T 2m, u10, dir
and CO concentration, considering horizontal resolutions of 5 km and 1 km. In general, small
differences are observed for all variables. The statistical comparison shows that when the resolution is
increased to 1 km, there is a slight improvement in the performance of the WRF-Chem to simulate the
wind speed, while the opposite is observed for the air temperature (see Table 2). Regarding the CO
concentration, no better performance is observed for a particular resolution (see Table 2). Both
experiments produce similar low CO concentration values (Figure 3.e), although there can be
observed larger differences for some peak occurring at night, when the CO concentration estimated
under the 1 km resolution can be as much as twice of that obtained under the 5 km resolution
simulation. Regardless of the differences in the considered horizontal resolutions, Misenis and Zhang
(2010) and Saide et al. (2011) also did not find appreciable improvements when the resolution is
increased in their simulations.

Figure 3. Modelled and observed hourly values of: (a) air temperature (°C); (b) wind speed (m/s); (c)
wind direction (°); (d) boundary layer height (km); and (e) CO concentration (ppmv), for autumn with
the MYNN scheme at 1 km and 5 km resolutions.
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Table 2. Statistics obtained from the comparison of modelled and observed air temperature (T 2m),
wind speed (u10) and CO concentrations (CO), for autumn with the MYNN PBL scheme, at 1 km and 5
km horizontal resolutions.
Variable

Resolution

Autumn
R

BIAS MAE RMSE

T2m (C)
5km
1km

0.92 -0.49 1.03
0.87 -0.91 1.47

1.38
1.85

5km
1km

0.62 -0.05 1.22
0.64 0.01 1.21

1.44
1.41

5km
1km

0.47 0.45 0.68
0.43 0.60 0.80

0.82
1.03

u10 (m/s)

CO (ppmv)
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CONCLUSIONS

This study examines the sensitivity of meteorological variables and CO concentration modelled by
WRF-Chem to the choice of the PBL parameterization scheme in the Metropolitan Area of Buenos
Aires (MABA). Five kilometre resolution simulations with five available PBL (YSU, MYJ, QNSE, MYNN
and MYNN3) are conducted for three periods (autumn, winter and spring) aiming at covering a wide
range of meteorological conditions. Modelled wind speed, wind direction and air temperature present
small differences among the PBL schemes and represent fairly well the observations during the three
periods. CO concentrations also show little sensitivity to the choice of the atmospheric boundary layer
scheme, with some exceptions during nocturnal hours when the largest concentration values occur.
Comparison with observations shows that the model is able to capture the day to day variation in the
CO concentration. During diurnal hours, the lowest CO concentration values are in general
overestimated by the model, which could be due to some underestimation of the vertical mixing
and/or to the fact that only one measurement site is used for the comparison while the modelled
concentration is representative of an area of 5 km x 5 km including the site.
Finally, the effect of the horizontal resolution is also analysed. Based on the slightly better statistics
obtained for the autumn simulation with the MYNN scheme, this case is considered to assess the
performance of the model when the horizontal resolution is increased to 1 km. Little differences are
obtained between the simulated meteorological variables under the two resolutions. On the other
hand, the modelled CO concentration does not show a clear improvement under the 1 km resolution
simulation, suggesting that other factors than emissions are affecting it. More research is needed to
better understand the impact of model resolution upon the simulated CO concentrations.
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